(CH,),NH+NAD(P)H+ H t +O, +-CH,NH,+HCHO+NAD(P)b+ H,O, Properties of these enzymes have been briefly reviewed by Large (1971 b) . We present here a systematic examination of the oxidative capacities of whole bacteria and cell-free extracts of P. anzinovorans grown on various methyl amines and on succinate.
METHODS
Maintenance and growth of the organism. Pseudomonas arninovorans NCIB 9039 was grown as described previously (Eady et al. 1971) .
Preparation qf extracts. Crude extracts were prepared by suspending I part wet wt of cell paste in 2'5 vol. of ice-cold 50 mwphosphate buffer pH 7-5, and subjecting the suspension to the full power of a IOO W Dawe Soniprobe ultrasonic disintegrator (Dawe Instruments Ltd, London W. 3) for a total exposure time of 1.5 min. The temperature was maintained below 15 "C throughout. The suspension was then centrifuged for 20 min at 12000 g at 2 "C and the supernatant is referred to as the crude extract.
Oxygen estimation. Oxygen uptake by washed bacterial suspensions was measured in Warburg manometers at 30 "C. When gas phases other than air were used, the manometers and flasks were twice evacuated and flushed with the gas mixture for 2 to 3 min. Gasmixtures were prepared by the method of Umbreit, Burris & Stauffer (1964) .
Enzyme assays
as previously described (Eady et al. I 97 1 ), using NADPH as electron donor.
dehyde formation from trimethylamine N-oxide as described by Large (1971 a) .
(a) Secondary amine mono-oxygenasp. This was assayed spectrophotometrically at 28 "C (b) Trimethylarnine N-oxide demethyfase. This was assayed at 28 "C by measuring formal-(c) Tertiary amine mono-oxygenase. This was assayed spectrophotometrically using I cm light path silica cuvettes containing the following components (pmol) : phosphate buffer (pH 7-5), 200; NADPH, 0.5; potassium cyanide, 3; trimethylamine-HC1, 2 ; enzyme and water to a total volume of 3 ml. The reaction was started by addition of trimethylamine-HC1 and followed by observing the decrease in extinction at 340 nm at 28 "C. One unit of enzyme is the amount required to oxidize I pmol of NADPHlmin under these conditions. Potassium cyanide (I mM) was added because it totally inhibits trimethylamine N-oxide demethylase (Large, 1971 a) and thus prevents conversion of trimethylamine N-oxide to dimethylamine, a substrate whose further oxidation is also NADPH-dependent, and the enzyme for which is present in the same extract. Higher concentrations of trimethylamine were inhibitory.
Protein determination. Protein was estimated by the method of Lowry, Rosebrough, Farr &
Randall (I 95 I).
Comparison of the heat stability of the activities of the amine-oxidizing enzymes in crude extracts. Samples (I ml) of crude extracts of trimethylamine-grown bacteria were rapidly heated to 35 "C and maintained at that temperature in a water bath. Samples were withdrawn at intervals, rapidly cooled to o "C and enzyme activities measured.
RESULTS A N D D I S C U S S I O N
Oxidative properties of whole bacteria. When Pseudomonas aminovorans was grown on the hydrochlorides of methylamine, dimethylamine, trimethylamine or trimethylamine N-oxide, the washed cells readily oxidized methylamine, dimethylamine, trimethylamine N-oxide and sodium formate. Rates of oxidation (expressed as nmol of oxygen consumed/min/mg dry wt of bacteria in all cases) were of the order of 40 to 72 for methylamine, 60 to 250 for dimethylamine, 90 to 190 for trimethylamine N-oxide, 30 to 60 for sodium formate and 20 to 30 for formaldehyde. (The rate of oxygen consumption in the absence of substrate, which has not been subtracted, was 4 to 15.) Methanol was not oxidized. Trimethylamine was poorly oxidized (rates 15 to 25), except by cells grown on it, when the rate rose to 200. There was no detectable lag phase in the oxidation of these substrates by cells grown on any of the other substrates. Cells grown on succinate oxidized only succinate and formaldehyde; there was no detectable oxidation of amines. Evidence that separate enzymes catalyse the oxidation of each amine is provided by the observation that oxidation of methylamine by intact bacteria was 78 yo inhibited by 72 pM-semicarbazide-HC1 while dimethylamine and trimethylamine N-oxide oxidation were each only inhibited by 32 %, and trimethylamine oxidation was not affected. The oxidation of dimethylamine was 98 yo inhibited by I yo (v/v) carbon monoxide in air, whereas methylamine oxidation was not affected.
The oxidative properties of intact cells thus differ from those observed in Pseudomonas sp. MS by Kung & Wagner (1g70), since lags in the oxidation of amine substrates by bacteria grown on other amine substrates were not observed. This agrees with the observations of Leadbetter & Mineo (1970). It may represent differences in permeability. The inhibition of dimethylamine oxidation by carbon monoxide would be expected, since the isolated enzyme is inactivated by low concentrations of this gas (Eady et al. 1971) .
Distribution of the enzymes of amine oxidation in extracts of cells grown on arnines or succinate. Table I shows that the secondary amine mono-oxygenase and trimethylamine N-oxide demethylase activities are present in bacteria grown on all the amines, but not in bacteria grown on succinate. The tertiary amine mono-oxygenase in contrast is barely detectable except in bacteria grown on trimethylamine. No significant mono-oxygenase or dehydrogenase activity towards primary amines was detected in extracts of the organism grown on any amine substrate. Ultrasonic extracts were prepared and enzyme assays performed as described in Methods.
For both mono-oxygenases, the electron donor was NADPH.
Specific activity nmol/min/mg protein (Figures in parentheses denote The different distribution of the tertiary amine mono-oxygenase in bacteria grown on different amine substrates suggests that it may be under separate inductive or repressive control from the other two enzymes. Certain anomalies are presented by these latter enzymes. It is not possible to be certain at this stage that the secondary amine mono-oxygenase and trimethylamine N-oxide demethylase do not play any role in bacterial growth on methylamine, although the simplest interpretation of the oxidation pathway, namely trimethylamine + trimethylamine N-oxide + dimethylamine -+ monomethylamine, would suggest that their presence in methylamine-grown bacteria is not essential. If this were the case, it is strange that the activity of the demethylase should actually be higher in bacteria grown on methylamine, although this has been consistently observed. It is conceivable that the two enzymes are always induced together by growth on amines, in which case their presence in methylamine-grown bacteria might be gratuitous. The failure to detect an enzyme able to oxidize methylamine in cell-free extracts also remains to be explained.
Heat stability of the amine-metabolizing enzymes. The three enzymes differ markedly in their heat stability. At 35 "C, the half-life in crude extracts of the secondary amine monooxygenase was about 3 min, that of the tertiary amine mono-oxygenase was about 1 1 min, while the trimethylamine N-oxide demethylase lost no activity over 30 min at this temperature. FEBS Letters 18, 297-300. 457-467. 
